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Retinaic acid receptor (RAR) -a and -fi transcripts are ex-
pressed in rat and human skin, and in rat and human dermal 
fibroblasts and keratinocytes in vitro. RAR-a transcrip" (ca. 
2.8 and 3.6 kb) were expressed in all tissues but were more 
abundant in dermis and dermal fibroblasts than in epidermis 
or keratinocytes. RAR-fi mRNA was expressed in skin, but 
patterns of expression differed berween human and neonatal 
rat samples. In human dermal fibroblas", keratinocytes and 
R erinoic acid exerts a wide range of effects on cell growth and development and has important effects on keracinocyte differentiation in vivo and in vino. The mode of action of retinoic acid has been suggested ro be similar ro steroid hormones. and we have recently 
described a retinoic acid binding prO[ein present in nuclei of an 
embryonal carcinoma cell line [1]. The cloning of eDNA coding for 
twO retinoic acid receprors, RAR-a and RAR-P, has since been 
reported [2-5), and the predicted primary structures of these pro-
teins share considerable similarity with each other and with the 
steroid/ thyroid hormone f:amily of DNA binding proteins r5]. Pat-
terns of expression of RAR mRNA in different tissues are distinct: 
RAR-P shows greater tissue specificity compared with RAR-a [6] 
and is also reported ro have a tenfold higher affinity for retinoic acid 
IS]. The existence of tetinoic acid receptors has important implica-
tions for the role of retinoids in skin biology and disease, and we 
have therefore used human eDNA probes for RAR-a and RAR-Pto 
elucidate patterns of RAR expression in human and rodent skin. 
MATERIALS AND METHODS 
Cell Culture Fibroblast cultures were est."blished from explants 
of adult human dermis and neonatal rat dermis and grown in Dul-
beeco's modified Eagle's medium (DMEM) con",ining 10% (v/ v) 
fetal calf serum (FCS). Basal keratinocyres from neonatal Wistar 
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A.bbreviations: 
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whole skin, two RAR-fi transcrip" (ca. 3.1 and 3.4 kb) were 
expressed. Conversely, in neonatal rat skin, dermal fibro-
blasts, and keratinocytes only the smaller transcript was de-
tectable and was more abundant in cultured cells than in 
whole tissue. These results suggest that retinoic acid may 
have complex, as yet undefined, RAR-mediated regulatory 
functions in both der_mis and epidermis. J 1 nllest DermClcoI 
93:818 - 820, 1989 
rats were cultured in DMEM with either 0.07 roM Ca++ (low cal-
cium) or 0.7 mM Ca* (high calciu.m) and supplemented wirh insu-
lin, cholcr3 toxin. hydrocorti sone, antibiotics, and 13% (v/v) deli-
pidised FeS [7]. Human foreskin kerarirtocyres, a gift of G.R. 
Sharpe and C. Fisher, were grown in MCDB 15318]. This serum-
free medium was supplemented with amino acids 8J. but pituitary 
extract was omitted. 
Tissue Samples and RNA Extraction Human s.kin samples. 
were from an apparently normal fetus, which spontaneously 
aborted at 20 weeks gestation, and from the lower leg of a 60-year-
o ld male. For neona.tal rat skin , the cridC:f1niS and dermis. were 
separated using 0.02 M dithiothreirol [9 and stored at-70 "C. The 
rechnigue for RNA extraction was as given previously 16]. RNA 
from Hew cells and rat lung was used as a positive control. 
Northern Blotting RNA samples (30 p.g total RNA) were size-
fractionated on agarosc/ formaldehyde gels [6] and vacuum blotted 
onto nylon membranes. After hybridization with 32P_labeled 
RAR-a or RAR-p human cDNA probes 16). blots were washed 
twice for 30 min in 2X SSC (IX SSC is 0.15 M NaCl, 15 mM 
trisodium citrate), 0.1 50S, at room temperature and C\vice for 30 
min each at 68 "C in 2X SSC, 0.1 SDS (RAR-P) or O.5X SSC, 0.1 % 
SDS (RAR-a), and autoradiographed for 1-3 d with intensifying 
screens.at -70°C. 
The RAR-a and RAR-P probes were as previously described 16J. 
A mouse 185 ribosom.al eDNA probe was used to assess loading. 
Autoradiographic-image intensities were compared using .a laser 
scanning densitometer. 
RESULTS AND DISCUSSION 
Expressioo of RAR-a Transcripts in Rat and Human Skin 
and Skin Components Two RAR-a transcripts, ca. 3.6 and 
2.8 kb, were detected in RNA samples from neonatal rat dermis and 
epidermis. feral.and adult human skin, and cultures of derrml fibro-
blasts and keratinocytes from both human and neonatal rat skin (Fig 
1. panel A). The relative signal intensities for the two transcript sizes 
were similar in each sample except for the HeLa cel l and rat lung 
RNA samples (Fig 1, panel A). 
The abundance of MR.·a mRNA varied consistently between 
samples: signal intensity was low in neonatal rat epidermis and 
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Figur e 1. RAR-o (piHll'l A) and RAR.p (paPld B) mRNA expression in 
human and rat skin. Northern blots were probed successively with RAR-a. 
RAR·p. and a control 18S rHNA ptobe (pll ne! C). Trllrk a: rat dermis: b: rat 
epidermis: £: rat dermal fibroblasts: d: rar keratinocyres (0.07 mM Ca++ 
medium); c: human fetal skin;f human adult skin:g: rat lung; h: HeLa ce lls: i: 
human dermal fibroblasu;j: human keratinocytes (0.7 mM Ca++ MCD.D 
153). 
keratinocytes by comparison with dermis and de rmal fibroblasts. 
RAR-a was expressed at a higher level in fetal human skin than in 
adult skin and was mort:' abu ndanr in human keratinoc),tes than in 
rar keratinocytes (Fig 1. panel A). In previous studies it has been 
found that RAR-cr is expressed in a wide tange of different tissues 
[2.3.6]' Although the level of expression may vary from tissue to 
tissue, these data suggest that RAR-a: may have some general regu-
latory function. 
Expression ofRAR-P mRNA in Skin and Skin Components 
The RAR-pprobe detectcd rwo rranscripts. ca. 3.4 kband 3.1 kb. in 
human skin, human de rmal fibroblasts, and human kerarinocyres. 
As with RAR-a, expression ofRAR-pmRNA was greatcr in human 
fetal skin than in adult ski.n (Fig 1, pand B). RAR·p was expressed at 
a much higher level in dermal fib roblast cultu res from one individ-
ual th:m in human kerarinocyres (Fig 1. pa ,lel B). Conversely, 
RAR-P transcripts were undetectable in dermal-fibroblast RNA 
from a differem indiv idual, although RAR-a transcripts were ex· 
pressed at a similar level in fibroblast cultures from both individuals 
(data nOl shown). Th us, rhere is heterogeneiry berv.een different 
fibroblast cultures with respect to the level of expression of RAR-P, 
but :u present the basis of this heterogeneity is unknown. 
In RNA from rat dermis. epidermis. kerarinocytes. and dernlal 
fibroblasts only the smal ler RAR-ft transcript (3.1 kb) was de.tect-
ab le. whereas both t ranscripts were expressed in rat lung (Fig I, 
panel B). T here is thus a clear di fference between rats and humans 
with respect to expression of RAR-P transcripts in skin. Ir has yet to 
be determined whether the d ifferem lengths of RAR transcripts 
result from al ternative splicing or differences in the 3' and 5' non-
trans lated regions. For thyroid hormone reccptors , alternative splic. 
ing can generate receptor isoforms differing signi ficantly in bio· 
logic spec ificity [to]. The fact that human skin cells expressed two 
RA R-P transcripts, w hereas onl y one was detecr:lble in rar skin cells, 
indicates that either there are no functional differences berween 
translation products of RAR-P transcripts or that the regulation of 
function of rat skin ce lls differs in some fundamental respects from 
human cells. 
The abundance of RAH.-P mRNA was similar in cultured neona-
tal-rat keratinocytc:s and dermal fibroblasts, but in both rat cel l rypc:s 
RAR-P mRNA was twO- [Q fou.rfold more abundant, relati ve to 18S 
rRNA, thaD in either dermis or epidermis. T he increased RAR-P 
expression in ke rarinocytes in viero is not due to induC[ion by serum 
retinoids, because we have used serum-free medium (see below) or 
medium containing delipjd ised seru m for these experiments. RAR 
mRNA is expressed at a high level during experimental ly induced 
limb regeneration in amphibians [t 'l}, and increased RAR-P expres-
sion may correlate with increased cell pro)iferation resulti ng from 
either wounding and subsequent tissue regeneration or the culture 
of cells in vitro. 
RETINOIC ACID RECEPTOR EXPRESSION IN SKIN 819 
Figure 2. Northern blots of RNA from rat keratinocytes grown in low 
Ca++ medium (tracks 0, r, and l'). and 2 d after transfer to high Ca++ medium 
(tracks h, J and f). were probed successivciy fo r RA R-a (tracks II and b). 
RAn·p ((raCks ( and J). and 185 rRNA (trtuks t and J). 
A high level of expression ofRAR-P mRNA by keratinocyres in 
vitro could result from differential expression of RAR-ft in prol ifer-
aring and differentiating cells. W e therefore compared RAR-ft 
mR NA levels in rar kerarinocytes pro liferating in low calcium me-
dium with keratillocytes allowed to differentiate in high calcium 
medium. After correcting for RNA loading there were no consist-
ent difference in either RAR-a: or RAR.p m RNA levels berween 
ce ll s grown in the [Wo rypes of medium (Fig 2). 
By comparison with human keratinocytes, the expression of 
RAR-pmRNA was high in cu ltured neonatal -rat keratinocytes: th is 
is apparently nor due to differences in culture conditions, as the 
abundance of RAR-P (and RA R-a) mRNA was similar in rat kerat-
inocytcs cultured in DMEM or M CDB 153 (data not shown). How-
ever, because borh RAR-O' and RA.R-ft are expressed at a higher level 
in fetal human skin than in adult skin, differences between the 
neonatal rat keratinocyres and human keratinocytes in the level of 
expression of RAR-P may reflect the developmental age of the cells 
used for these studies. 
These data show that both RAR-O' and RAR-P are expressed in 
rodent and human skin. dermal fib roblasts. and keratinocytes. Pat-
terns of gene regulation by RAR-a and RAR-P are at present un-
known bur may depend on tissue-speci fic factOrs as well as on the 
upstream sequence structu re of retinoic acid-regulated genes. The 
variation in RAR expression between the d iffereut skin-cell types in 
v.ivo and in vitro is an additional mechanism by which targer genes 
O1;1.y be regulated in response to ligand. 
Now Added iu Proof Sillce the completion of this work, a third 
rctinoie acid receptor, RA R-y, has been identified and is expressed in 
mouse skin and lung (P. Chambon, Tricontinental Meeting, Soci· 
ery for Investigative Dermatology. Washington, D.C.. April 26-
30. 1989). 
WI' lllllllk Dr. Mllrri ll PnkollirM, PrfJfwor Pirrrc Cha ,nhou, IIlId Dr. A. Dcjl!onfor 
gU'/s Liflile RARpr.)I~s. Dr.). Blml JorllUmanJetal skill, Dr. C. R. Shorpt', MrS. C. 
Fishrr, a'ld Miss J.A.E. Latham f or (t/J somplf!s, and Ms. C. Todd for aulli'nt 
tech 'liedl assistallct. 
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